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FOREWORD 


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Automotive Electrical Equipments and Instruments Sectional Committee had been approved by the Transport 
Engineering Division Council. 


This standard was first published in 2003. In this revision, major changes made are enlargement of scope of the 
standard to include two and three wheelers, waving of requirement of secondary ignition cable length of test 
equipment for capacitance C, and modification in figure giving examples of measurements performed on an 
ignition system. 


In the formulation of this standard considerable assistance has been derived from the following: 


ISO 6518-2 : 1995 Road vehicles — Ignitions systems — Part 2: Electrical performance and function test 
methods, issued by International organization of standardization 


SAE, J 973 : 1999 Ignition System Measurements Procedure, issued by society of Automotive Engineers, 
USA 


The standard outlines two methods for calculating the system output energy because of difficulties in repeatability 
of results with atmospheric spark gaps and different observers. 


In reporting the result of a test or analysis made in accordance with this standard, is to be rounded off, it shall be 
done in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised)’. 
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Indian Standard 


AUTOMOTIVE VEHICLES — IGNITION SYSTEMS — 
METHODS OF TEST 


( First Revision ) 


1 SCOPE 


This standard specifies the conditions and test methods 
for testing battery supplied ignition systems for spark 
ignited internal combustion engines. 


2 IGNITION SYSTEMS DESCRIPTION 


For the tests described in the following sub-clauses, 
the ignition system components used shall be as 
specified for the application being examined, that is, 
to the original equipment specification. 


2.1 Ignition System with Mechanical Distributor 


The following components shall be interconnected as 
shown in Fig. 1 or in any other circuit which has been 
proved to be equivalent. 


2.1.1 Single-Ended Coil 


Conventional induction coil or an air magnetic core 
transformer. 


2.1.2 Coil Ballast Resistor(s) 


If the coil being tested requires a ballast resistor, or 
any fixed or variable means to make the voltage and/ 
or the current in the ignition circuit vary. 


2.1.3 Distributor 


It distributes the ignition impulses to the spark plugs. 
It may also contain means of triggering and/or timing 
adjustment, all of which have a proper angular 
interrelationship to them and to the engine. 


2.1.4 Auxiliary Switching Device 


Implicit with the system being tested such as, a 
transistorized control unit. 


2.2 Static (Distributor less) Ignition System with 
Single-Ended Coils 


The following components shall be interconnected as 
shown in Fig. 2 or in any other circuit which has been 
proved to be equivalent. 


2.2.1 Coils 
Depending on the system tested, the coils may be, 


a) single-ended coils as described in 2.1.1, 


b) a multiple high-tension terminal assembly 
formed by single ended coils, or 


c) plug-top coils. 
2.2.2 Auxiliary Switching Device 


Implicit with the system being tested such as, a 
transistorized control unit. 


2.3 Static (Distributor Less) Ignition System with 
Double-Ended Coil(s) 


The following components shall be interconnected as 
shown in Fig. 3 or in any other circuit which has been 
proved to be equivalent 


2.3.1 Coils 
Depending on the system tested, the coils may be, 


a) double-ended coils, or 


b) a multiple high-tension terminal assembly 
formed by double-ended coils. 


2.3.2 Auxiliary Switching Device 


Implicit with the system being tested such as 
transistorized control unit. 


3 TEST EQUIPMENTS 


3.1 Variable d.c. Power Supply 


A d.c. source which shall be a variable d.c. power 
supply having a 10 percent to 90 percent transient 
recovery time of not more than 50 us over the load 
range encountered in use. It shall have not more than 
50 mV variation in average voltage from no-load to 
full ignition system load and not more than 100 mV 
peak-to-peak ripple over the same load range. This 
power supply may be substituted by a battery with or 
without a charging system. The power supply shall be 
positioned immediately adjacent to the system being 
tested. 


3.2 Oscilloscope 


An oscilloscope with a maximum rise time of 35 ns, 
with a minimum band pass of 10 MHz shall be used 
(P, and P,). The overall uncertainty of measurement 
including voltage and current probes (see 3.3 and 3.4) 
shall be less than 3 percent. 
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P, = current probe, amplifier and oscilloscope 
P, = voltage measuring oscilloscope 

P, = d.c. ammeter 

P, = d.c. voltmeter 

P, = tachometer 

R, = voltage probe 
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Fic. 1 TEST CIRCUIT FOR IGNITION SYSTEMS WITH MECHANICAL DISTRIBUTOR (SHOWN IS AN EXAMPLE OF 8 CYLINDER SYSTEM) 
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P, 7 current probe, amplifier and oscilloscope 
P, = voltage measuring oscilloscope 

P, = d.c. ammeter 

P, 7 d.c. voltmeter 

P, = tachometer (crankshaft rotational 

R, = voltage probe 


? Set according to 5.3.1. 
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Fic. 2 Test CiRCUIT FOR IGNITION SYSTEMS WITH SINGLE-ENDED COILS (SHOWN IS AN EXAMPLE OF 8 CYLINDER SYSTEM) 
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P, = current probe, amplifier and oscilloscope 
P, = voltage measuring oscilloscope 

P, = d c. ammeter 

P, = d.c. voltmeter 

P, = tachometer (crankshaft rotational 

R, = voltage probe 
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? For double-ended coils all secondary outlets shall be tested at high voltage. 


2 Set according to 5.3.1. 


Fic. 3 Test CIRCUIT ron STATIC IGNITION SYSTEMS WITH DOUBLE-ENDED COILS (SHOWN IS AN EXAMPLE OF 8 CYLINDER SYSTEM) 


LIOC : OSESI SI 


3.3 Voltage Probe, Rp 


An input capacitance smaller than or equal to 5 Pf, 
and an input resistance of 100 MQ or greater. 


3.4 Current Probe, P, 
Suitable for d.c. to 10 MHz 


3.5 D.C. Ammeter, P, 


Maximum voltage drops of 100 mV under test 
conditions. 


3.6 Voltmeter, P, 


An input resistance of at least 10 KQ/V and sufficient 
resolution, to indicate differences of 10 mV easily. 


3.7 Distributor or trigger wheel drive stand and attached 
Tachometer (P;), conforming to the following: 


a) Acontinuously variable rotational frequency 
adjustment, capable of being varied between 
10 min' and 4 000 min^" for a distributor 
drive stand and between 20 min” and at least 
6 000 min" for a trigger wheel drive stand; 
b) The rotational frequency shall be within 
+5 percent below 400 min", and +20 min" 
above 400 min; and 


c) A tachometer accurate to within +0.2 percent 
of indicated rotational frequency. 
3.8 Loads shall be connected to the ignition system 
by high voltage, non-resistive metal conductor ignition 
cables. The length depends on the capacitive load 
(see 3.8.2). 


COMMON 
RETURN 
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3.8.1 Multi point spark gap stand, each gap being 
individually variable (see Fig. 4). 


3.8.2 The capacitance C, simulates the capacitance of 
the cables and spark plugs as normally encountered 
on the engine. This capacitance shall be a low 
dissipation factor (not greater than 3 percent at | kHz) 
secondary ignition cable of a length such that in 
conjunction with the capacitor and high tension probe 
the total capacitance 1s, 


a) 50 pF to 55 pF for ignition systems with 
distributor; 


b) 25 pF to 30 pF for static ignition systems with 
single-ended coils; and 


c) 50pF to 55 pF for static ignition systems with 
double ended coils. 

NOTES 
1 For measuring the total capacitance, the distributor spark 
gaps and the impedances R, to A, if lumped resistors, shall be 
shunted and the ignition cable shall be removed from the 
ignition coil. 
2 It may be necessary to consider the effect of parasitic 
capacitances. 


3 Other values of capacitance may be agreed upon depending 
on the application. 


3.8.3 The resistor R, simulates lead or carbon fouled 
spark plugs. This resistor shall have a low voltage 
coefficient (0.000 5 percent/V nax), non-inductive, 
approximately 10 W and 1 MQ + 5 percent. It shall be 
connected in parallel to the capacitance for some 
measurements. 


3.8.4 Zener diode string of 1 kV for single-ended coils 
and two Zener diode strings of 1 kV and 0.5 kV for 


0.05 TO 0.1 


Fic. 4 SETTING OF THE POINTED SPARK GAP 
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double ended coils (see Fig. 3), each with a Zener 
voltage tolerance of + 5 percent under test conditions. 


4 PARAMETERS TO BE MEASURED OR 
DETERMINED 
4.1 Available Voltage, U, 


av 


Comparing the available voltage U,, to the voltage 
required U,,., to fire spark-plugs (in a given engine) 
determines the adequacy of the ignition system 
[see Fig. 5 (a)]. It shall be measured when the system 
is loaded with the capacitance C, described in 3.8.2. 

4.2 Minimum Available Voltage, U, 


avm 


This voltage shall be measured when the system is 
loaded with the capacitance C, and the resistor R, 
connected in parallel. The minimum amplitude shall 
be recorded. This represents the level which can be 
guaranteed from the system being tested at an ambient 
temperature of 23 + 5°C, a trigger wheel rotational 
frequency of 2 000 min' and a supply voltage of 
13.5 V. 


NOTE — This measurement may not apply to capacitor 
discharge ignition systems. 


4.3 Secondary Output Voltage, U, 


The secondary output voltage U, may also be measured 
for comparison with values obtained for available 
voltage U w- 


4.4 Interruption Current, Ipi 


This parameter determines the energy into the system 
[see Fig. 5(c)]. 


NOTE — This measurement is not applicable to capacitor 
discharge ignition systems. 


4.5 Average Current Input, 7, 


This parameter determines the average current draw 
of the system with respect to the d.c. sources such as 
alternator, generator, battery. 


4.6 Energy 
4.6.1 Inductive Spark Energy, E, 


The inductive spark energy E,,; is determined by test 


method A (see 5.3.1). It is computed from the following 


equation: 
A4 - 4 (4+ &) 
2 


spark 


where 


t, and J, = initial values of time and current of 
the spark after breakdown, 


tand J, = final values of time and current of the 
spark after breakdown, and 


V, = spark voltage at (t,— 1,)/2. 


NOTE — It is an indication of the amount of erosion which 
occurs on spark-plug electrodes due to electrical means. 
Experience is required to use this information effectively. 


4.6.2 Zener Discharge Energy, E, 


The Zener discharge energy £,,is determined by test 
method B. It is computed from the following equation: 


Eg =V,x1,x%T 
where 


V. = Zener voltage, in volt, and 


i, = TT. 
4.6.3 Spark Duration or Zener Discharge Duration 


This parameter within limits is indicative of the igniting 
capability of the ignition coil output under conditions 
as agreed to between the manufacturer and the 
purchaser [see Figs. 5 (d), (f) and (g)]. 


NOTE — It is an indication of the amount of erosion which 
occurs on spark-plug electrodes due to electrical means. 
Experience is required to use this information effectively. 


4.6.4 Maximum Spark Current, I, or Maximum Zener 
Discharge Current, 1 


This current is the instantaneous current from the 
secondary winding ofthe ignition coil flowing through 
the spark gap after break down [see Fig. 5 (f)] or 
through the Zener diodes [see Fig. 5 (g)]. 


NOTES 


1 This measurement is not applicable to capacitor discharge 
ignition systems. 


2 It is an indication of the amount of erosion which occurs on 
spark-plug electrodes due to electrical means. Experience is 
required to use this information effectively. 


4.7 Secondary Voltage Rise Time, ty, 


This parameter is an indication of the ability of an 
ignition system to fire shunted (fouled) spark plugs. 
The shorter the secondary voltage rise time, the less 
system energy is lost across the fouled shunt and more 
voltage is available to fire the spark plug 
[see Fig. 5 (b)]. It shall be measured when the system 
is loaded with the capacitance C, described in 3.8.2 
and the resistor R, described in 3.8.3, to facilitate 
comparison between systems, the secondary voltage 
rise time shall be determined between —1.5 kV and 
—15 kV to be repeated between +1.5 kV and +15 kV 
for double-ended coils or as agreed to between the user 
and the manufacturer. 
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g) Secondary current waveform with 
correct coil polarity circuit 


where 
|,7 Final current, in milliamps; 


l,7 Initial current, in milliamps; 
T- Duration during which energy delivery to the Zener 


|, = Current corresponding to knee, in milliamps; 
T,= Time at predominating knee, or default of 0.5 ms, if no diode is complete, in milliseconds; 
predominating knee present, in milliseconds; |, = Average secondary current, in milliamps; and 


I|, = Peak secondary current, in milliamps. 


NOTE — The waveform shown occurs in ignition systems with contact breaker. 


Fic. 5 EXAMPLES OF MEASUREMENTS PERFORMED ON AN IGNITION SYSTEM 
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4.8 Coil Primary Induced Voltage, Upina 


This parameter is useful with respect to contact breaker 
life in classical ignition systems and is an indication 
of the stress on a semiconductor power switch (unless 
voltage clamping is used) in inductive energy storage 
ignition systems [ see Fig. 5(e)]. If it shall be measured, 
it may be necessary to use a measuring instrument with 
a differential input. 


NOTES 

1 This measurement is not applicable to capacitor discharge 
ignition systems. 

2 The primary induced voltage wave form is always preceded 
( usually within 20 us ) by a leakage induction spike. Usually 
this is ignored in calculations but if the area under the ‘spike’ 
curve becomes significant then it is essential that it be taken 
into account, when considering the effect on solid state 
components. 


4.9 Ignition Limiting Load Resistance, Risky 


The shunt behaviour of an ignition system 1s also 
determined by its ignition limiting load resistance. It 
is the resistance at which the absolute value of the 
available voltage falls to 15 kV. The designation for it 
is Ry 5, [see R, in Fig. 1 to Fig. 3]. 


The parameters are Cj ,,, [see C, in Fig. 1 to Fig. 3] as 
described in 3.8.2. 


Uai 13.5 ViN cachat = 2 000 min] 


supply - 
5 PROCEDURES 
5.1 General 


The circuit arrangements shown in Fig. | to Fig. 3 with 
instrumentation in place shall be used to measure the 
parameters mentioned in 4. Test arrangement A is 
intended for test to confirm the required system 
functions and system performance. 


Test arrangement B is intended for tests to compare 
the performance of ignition coils and current 
interruption systems. 


5.2 Test Conditions 


The test conditions shall be chosen from Table 1 as 
appropriate. During simulated starting tests, the 
system shall be operated under conditions simulating 
vehicle electrical conditions for the primary side of 
the system. For example, if a resistor in series with 
the primary coil is normally shunted during vehicle 
cranking, this resistor shall be shunted for this portion 
of bench tests. 


5.2.1 Supply Voltage, Usup 


The supply voltages U,,,, given in Table 1 are based on 
12 V nominal voltage. If 24 V systems are to be tested, 
multiply these voltages by two. 


5.2.2 Ambient Temperatures 


Allow the ignition system to soak at least 1 h at the 
temperatures listed in Table 1 before beginning of the 
tests. 


Before any readings are recorded at any of the test 
points, the system should be allowed to come to a 
thermally stable operating condition to be agreed upon 
between the manufacturer and the user. 


When environmental equipment is used to control 
ambient temperatures, care shall be taken that wire and/ 
or cable lengths and, consequently, impedances do not 
distort test results. 


5.3 Test Methods 


Test methods A and B differ in the test arrangement 
for the energy measurement (spark voltage or Zener 
discharge voltage, spark current or Zener discharge 
current, and spark duration or Zener discharge 
duration). The resulting energies calculated shall differ. 


5.3.1 Test Method A (Inductive Spark Energy) 


Test method A is closest to a vehicle installation and 
shall be used with test arrangement A to confirm the 
system functions. It shall be used to measure the 
parameters mentioned in 4 under the conditions listed 
in 5.2 under the appropriate conditions of Table 1. 


The calculation described in 4.6.1 with the procedure 
described here determines the inductive part of the 
spark energy discharged in a spark gap as shown in 
Fig. 4 and Fig. 6. The spark gap for single-ended coils 
shall be set to give a spark voltage U, of 1 kV + 5 
percent. For double-ended coils [ see Fig. 3] two spark 
gaps shall be used, one set to [kV + 5 percent, the 
other to 0.5 kV + 5 percent, for each secondary 
winding. The oscilloscope P, (see 3.2) and the voltage 
probe RD (see 3.3) shall be used to measure the spark 
voltage and the spark duration. The voltage probe shall 
be connected to a spark gap that has been adjusted to a 
value U,, For measuring the spark current a current 
probe shall be used as shown in Fig. | to Fig. 3, test 
arrangement A. 


5.3.2 Test Method B (Zener Discharge Energy) 


Test method B shall be used with test arrangement B 
to compare the performance and function of ignition 
coils and current interruption systems. For the energy 
measurement, a Zener diode string of 1 kV as shown 
in Fig. 1 and Fig. 2, test arrangement B, or one Zener 
diode string of 1 kV and one Zener diode string of 
0.5 kV as shown in Fig. 3 shall be used. The discharge 
current used for the energy calculation shall be 
measured by using a current probe as shown in Fig. 1 
to Fig. 3, test arrangement B. 
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Fic. 6 SPARK GAP ELECTRODE REQUIREMENTS 


The energy calculation is described in 4.6.2. The duration. 


oscilloscope P; and the voltage probe Rp are used NOTE — The polarity of the coil secondary to be determined 
as shown in Fig. | to Fig. 3 to measure the voltage before conducting the test to avoid damage to the electronic 
across the Zener diode string and the discharge components. 


Table 1 Test Conditions 
(Clauses 5.2, 5.2.1, 5.2.2 and 5.3.1) 


SI Trigger Wheel Supply Voltage Ambient Temperature, °C Operating 
No. Rotational Frequency” Usap + 0.1 V —_—_~.e———.._ Condition 
min! Test at Room Test at Operational Temperature 

Temperature ——— ———————————— 
Temperature Class 
or Oo a ooo 
p II? II 

a) 2) (3) (4) (5) (6) (7) (8) 

i) 40 6 2345 -30 +3 Cold starting 

ii) 100 10 2345 8042 100+ 2 120-22 Warm starting 
iii) 500 

iv) 1 000 

v) 2 000 

vi) 3 000 
vii) 4 000 13.5 2315 8042 100 +2 12042 Running 
viii) 5 000 

ix) 6 000 

x) 7 000 

xi) 8 000 


? For the distributor rotational frequency, divide by two. 
? Class I is preferred for items mounted in vehicle cabin or similar environment. 
? Class II or III is preferred for items mounted on or near the engine. 
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